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E.1  INTRODUCTION 


In  this  appendix,  we  provide  a  package  of  site-specific  terrain  descriptive  and  clutter  measurement 
background  information  for  each  Phase  One  measurement  site.  This  information  includes  terrain  photo¬ 
graphs,  a  PPI  clutter  map  showing  the  location  of  the  repeat  sector  in  the  clutter  map,  a  clutter  amplitude 
histogram  of  a  repeat  sector  measurement,  and  a  plot  of  repeat  sector  mean  clutter  strength  versus 
frequency  for  each  Phase  One  site,  as  well  as  occasional  additional  information.  This  information  is 
provided  site  by  site  within  groups  of  similar  terrain  classes  in  the  same  order  that  results  are  discussed 
in  Section  4  of  this  report.  Thus,  the  information  presented  here  may  be  readily  kept  in  view  as  the 
discussions  in  Section  4  proceed.  An  alternative  would  have  been  to  include  the  site-specific  information 
of  this  appendix  directly  in  Section  4.  However,  it  was  judged  that  to  do  so  would  overload  Section  4 
in  that  the  volume  of  site-specific  information  would  interfere  *oo  much  with  text  continuity  and  assimi¬ 
lation  and  overwhelm  the  more  important  general  information  that  Section  4  aims  for.  On  the  other  hand, 
we  believe  it  is  necessary  to  include  in  this  report  some  substantial  sampling  of  site-specific  information 
to  illustrate  the  textual  discussions  and  to  indicate  the  scope  of  our  measurement  program  and  of  the  site- 
to-site  variability  of  ground  clutter.  Thus,  this  relatively  large  volume  of  site-specific  information  is 
included  in  this  separate  appendix,  as  a  companion  volume,  easily  referable  as  discussions  proceed  in 
Section  4. 

Table  E-1  is  a  guide  showing  the  site-by-site  sequence  in  which  the  information  is  presented  in  this 
appendix.  Table  E-1  also  includes  the  waveforms  of  the  clutter  map  and  the  one  or  more  clutter  histo¬ 
grams  shown  for  each  site  as  a  guide  to  readers  who  have  interests  in  particular  frequencies,  polarizations, 
or  resolutions.  The  three-letter  waveform  designation  in  Table  E-1  is  in  order  of  frequency  (VHP.  UHF. 
L-.  S-,  or  X-band),  resolution  (T  =  thin=  15  or  36  m,  F  =  fat=  150  m),  and  polarization  (V  =  vertical, 
H  =  horizontal).  The  following  sections  provide  brief  overview  remarks  concerning  the  various  kinds  of 
information  presented  here.  The  information  is  then  presented  in  sequential  figures  following  the  text. 

E.2  TERRAIN  DISPLAYS 

Terrain  photos  are  provided  in  this  appendix  for  almost  every  site.  Where  they  are  not  provided  here, 
they  are  provided  in  the  main  body  of  this  report.  Many  of  these  photos  include  views  of  the  Phase  One 
measurement  equipment  on  site  and  views  of  the  terrain  in  the  repeat  sector.  Also  included  are  many 
views  from  the  top  of  the  Phase  One  antenna  tower  looking  in  the  direction  of  the  repeat  sector. 

Other  terrain  displays  available  are  as  follows:  (1)  aerial  photography  at  1:50.000  scale  or  our  new 
CIR  (Color  Infra-Red)  photography  of  repeat  sectors  at  1:10.000  scale:  (2)  terrain  classification  maps  of 
both  landform  and  land  cover  in  repeat  sectors,  in  1  degx  150  m  cells,  based  on  our  new  CIR  aerial 
photos;  (3)  three-dimensional  views  of  the  terrain  surface  at  an  oblique  aspect  generated  from  DM.A 
DTED  (digital  terrain  elevation  data);  (4)  terrain  elevation  profiles  through  the  repeat  sector,  also  based 
on  DTED;  and  (5)  large-scale  topographic  maps  at  1;25,000  or  1;50.000  scale.  Except  for  maps,  examples 
of  all  of  these  kinds  of  terrain  displays  are  provided  in  the  main  body  of  the  report.  In  this  appendix, 
besides  terrain  photos,  the  only  other  terrain  di.splays  we  provide  are  aerial  photos  for  Altona  II,  Orion, 
and  Rosetown  Hill. 
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TABLE  E-1 

Guide  to  Site-by-Site  Sets  of  Figures  in  Appendix  E 


PPI  MAP 

SECTOR 

HISTOGRAM (S) 

FIG. 

(waveform) 

DISPLAY 

(waveform) 

NO'S. 

URBAN 

Strathcona,  Alta. 

SFH 

• 

VTH, LTH 

E.1-E.6 

Lethbridge  W.,  Alta. 

XTH 

- 

LTH, STV 

E.7-E.11 

Altona  II,  Man. 

XTH 

- 

LTH 

E.12-E.17 

Picture  Butte  II,  Alta 

.  UFH 

- 

STV 

E.18-E.21 

Headingley,  Man. 

LFH 

— 

STH 

E.22-E.26 

MOUNTAINS 

Plateau  Mt . ,  Alta. 

VTH 

- 

VTV 

E.27-E.30 

Waterton,  Alta. 

UTH 

• 

VTV 

E.31-E. 35 

FOREST/HIGH-RELIEF 
(Terrain  Slopes  >  2°) 

a)  High  Depression  Angle 

Blue  Knob,  Penna. 

XFH 

- 

VFH 

E.3b-E.3a 

Scranton,  Penna. 

STH 

• 

VFH 

E.40-E.44 

b)  Low  Depression  Angle 

Cold  Lake,  Alta. 

VFH 

— 

UTV 

E.45-E.48 

Woking,  Alta. 

STH 

• 

UTV 

E.49-E.53 

Penhold  II,  Alta. 

SFH 

- 

UTV 

E.54-E. 57 

Peace  River  S.II,  Alta 

.  UTH+5 

— 

UTV 

E.58-E. 63 

FOREST/LOW-RELIEF 
(Terrain  Slopes  <  2°) 

a)  High  Depression  Angle 

Puskwaskau,  Alta. 

LTH 

-- 

VFH 

E.b4-E.67 

Brazeau,  Alta. 

UTH 

• 

VTH, LFH 

E.68-E.73 

b)  Intermediate  Dep.  Ang. 

Gull  Lake  W,,  Man. 

See 

Sect .  2.2, 

.2.1 

Wainwright,  Alta. 

XTH 

• 

SFV 

E.74-E.78 

Turtle  Mt . ,  Man. 

XFH 

- 

XFH 

E.79-E.82 

Katahdin  Hill,  Mass. 

LTH 

- 

SFV 

E.83-E. 85 

Westlock,  Alta. 

LTH 

— 

XFV 

E.86-E. 89 

c)  Low  Depression  Angle 

Sandridge,  Man. 

XFH 

- 

XFH 

E. 90-E. 93 

Dundurn,  Sask. 

XFH 

- 

XFH 

E.94-E.97 

Continued 
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TABLE  E-1  (Continued) 

Guide  to  Site-by-Site  Sets  of  Figures  in  Appendix  E 


PPI  MAP 
(waveform) 

AGRICULTURAL/HIGH-RELIEF 

(Terrain  Slopes  >  2®) 

Plateau  Mt . ,  Alta. 

VFH 

Polonia,  Man. 

LFH 

Neepawa,  Man. 

XFH 

AGRICULTURAL/LOW-RELIEF 


a)  Moderately  Low-Relief 


(1°  <  Terrain  Slopes  < 

2®) 

Beulah,  N.D. 

UTH 

Magrath,  Alta. 

XTH 

Beiseker,  Alta. 

XTH 

b) 

Very  Low-Relief 

(Terrain  Slopes  <  1®) 
Orion,  Alta. 

LTH 

Wolseley,  Sask. 

XTH 

Rosetown  Hill,  Sask. 

LTH 

Pakowki  Lake,  Alta. 

XTH 

Shilo,  Man. 

XFH 

Corinne,  Sask. 

XFH 

DESERT,  MARSH,  OR 
GRASSLAND  (Few  Discretes) 

a 

High  Depression  Angle 

Booker  Mt . ,  Nev. 

XFH 

Vananda  E.,  Mont. 

XTH 

b) 

Low  Depression  Angle 

Knolls,  Utah 

XTH 

Big  Grass  Marsh,  Man. 

XTH 

FOUR  REPEAT  SECTORS 

Wachusett  Mt . ,  Mass. 

UTH 

Cochrane,  Alta. 

UTH 

Suf field,  Alta. 

XTH 

Spruce  Home,  Sask. 

XTH 

SECTOR 

HISTOGRAM (S) 

FIG. 

DISPLAY 

(waveform) 

NO'S. 

- 

LFH 

E. 98-E.lOO 

- 

LFH 

E.101-E.104 

• 

LFH 

E.105-E.109 

- 

VTV 

E.110-E.113 

• 

UFV, LFH 

E.114-E.118 

- 

VTV, UTH, 

E. 119-E.126 

LFH, SFH 

LTH 

E.127-E.130 

— 

LTH 

E.131-E.134 

• 

LTH 

E.135-E.140 

— 

LTH,XTV 

E.141-E.144 

- 

LFH 

E.145-E.148 

LTH, SFV 

E.149-E.152 

- 

UFV 

E.153-E.156 

• 

UFV 

E.157-E.161 

- 

UFV 

E.162-E.165 

• 

UFV, SFH 

E.166-E.171 

• 

SFH 

E.172-E.175 

- 

LTV 

E.176-E.179 

- 

LFH 

E.180-E.183 

- 

LFH,XTV 

E.184-E.188 

Concluded . 
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E.3  CLUTTER  SPATIAL  DISPLAYS 


Our  main  display  showing  how  clutter  varies  spatially  is  the  PPI  clutter  map,  which  is  a  polar  display 
showing  cells  in  which  clutter  strength  exceeds  a  specified  threshold.  A  PPI  clutter  map  is  provided  in 
this  appendix  for  every  site  (except  Gull  Lake  West,  for  which  see  Section  2.2.2. 1),  for  a  selected 
maximum  range  (usually  less  than  the  maximum  range  to  which  clutter  was  recorded),  for  a  selected 
clutter  strength  threshold  (not  necessarily  near  the  noise  level),  and  for  a  selected  set  of  radar  measurement 
parameters  (viz.,  frequency,  pulse  length,  and  polarization).  The  clutter  map  is  shown  in  red,  and  the 
spatial  boundary  of  the  repeat  sector  in  this  map  is  shown  as  a  black  outline.  The  red  clutter  map  is 
generated  from  Phase  One  survey  data,  usually  obtained  in  90-deg  sectors.  These  sectors  are  pieced 
together  on  the  computer  to  form  the  map.  At  some  sites,  not  all  sectors  are  available  (e.g.,  Shilo, 
Figure  E-46).  At  other  sites,  sectors  were  recorded  to  different  maximum  ranges  (e.g.,  Waterton, 
Figure  E-32).  Occasionally  sector  boundaries  or  data  gaps  between  sectors  (e.g.,  Dundum,  data  gap  from 
45  to  66  deg.  Figure  E-95)  are  visible  in  the  red  clutter  maps.  The  gaps  that  occur  within  the  area  of  the 
repeat  sector  itself  (e.g..  Picture  Butte  II,  Figure  E-19)  do  not  represent  gaps  in  the  repeat  sector  experiments 
upon  which  this  report  is  based.  In  the  clutter  maps,  usually  red  indicates  the  existence  of  signal  strength 
above  threshold,  and  white  indicates  signal  strength  below  threshold;  however,  occasionally  white  means 
above  threshold,  and  red  means  below.  The  maps  do  not  discriminate  between  clutter  and  noise,  so  cells 
in  which  system  noise  level,*  normalized  to  <r°F^  space,  exceeds  threshold  can  also  show  as  clutter.  This 
is  usually  of  little  consequence  for  the  maps  and  thresholds  shown;  but,  for  example,  see  Altona  II. 
Figure  E-15.  However,  in  a  few  clutter  maps,  spurious  rings  of  clutter  (or  partial  rings  in  an  individual 
90-deg  experiment)  are  indicated  in  the  first  few  range  gates  around  the  origin  (e.g.,  Westlock.  Figure  E-87; 
Pakowki  Lake,  Figure  E- 141).  This  artifact  results  from  high  noise  levels  at  close  ranges  sometimes 
occurring  when  STC  dynamic  attenuation  is  used  (see  Appendix  A). 

Our  other  method  for  showing  how  clutter  varies  spatially  is  as  an  A-scope  sector  display,  in  which 
mean  clutter  strength  is  shown  as  a  function  of  range  through  the  repeat  sector,  range  gate  by  range  gate, 
averaged  over  a  specified  azimuth  interval  (usually,  the  full  interval)  of  the  repeat  sector.  An  example  of  a 
five-frequency  sector  display  is  provided  in  this  appendix  for  most  terrain  categories  ( 1 2  figures  in  total, 
see  Table  E-1).  These  sector  displays  are  corrected  for  elevation  gain  variation  on  the  vertical  beam  of  the 
antenna,  range  gate  by  range  gate,  using  the  DTED  terrain  elevation  information  along  the  center  azimuth  of 
the  repeat  sector  (recall  that  antenna  boresight  is  always  fixed  to  be  locally  horizontal  at  the  Phase  One  semp 
position).  Where  the  correction  is  too  great  (i.e.,  too  far  down  on  the  beam)  to  be  reliable,  we  delete  indicating 
clutter  strength  there.  When  this  occurs,  it  is  usually  at  X-  or  S-band  (i.e.,  narrow  vertical  beams,  see  Table  A-6) 
for  relatively  high  sites  and  close  ranges.^ 

In  the  body  of  this  report,  for  Suffield  we  show  five  X-band  sector  displays  for  five  individual  1-deg 
beam  positions  in  which  no  azimuth  averaging  occurs  (see  Figure  95).  That  is,  these  data  show  results 
cell  by  cell  in  which  the  only  averaging  that  occurs  is  over  the  1024  pulses  recorded  at  each  cell  position. 


*  The  noise  level  depends  upon  the  number  of  pulses  coherently  integrated  in  each  cell.  In  our  partially 
integrated  data  base,  from  which  these  PPI  clutter  maps  were  generated,  the  number  of  pulses  integrated 
is  <  32. 

'  But  see  also  Figure  E-33  (Waterton)  for  unusual  situation  where  high  mountains  at  farther  ranges  rise 
above  beam. 
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We  utilize  these  Suffield  results  as  a  probe  to  indicate  the  presence  of  a  large  discrete  building  on  what 
is  otherwise  prairie  grassland  terrain. 

E.4  CLUTTER  AMPLITUDE  DISTRIBUTIONS 

In  the  package  of  information  provided  for  each  site  in  this  appendix,  we  include  one  or  more 
examples  of  histograms  of  measured  clutter  strengths  over  each  site’s  repeat  sector.  These  histograms  are 
discussed  in  Section  2.2.2. 1  of  this  report.  We  would  need  to  show  20  such  histograms  for  each  site's 
repeat  sector  to  cover  our  radar  parameter  matrix  of  available  measurements.  In  addition,  we  typically 
repeated  each  of  our  20  measurements  four  times  during  the  time  on  site.  As  a  result,  the  totality  of  repeat 
sector  histograms  upon  which  this  report  is  based  constitutes  4465  measured  histograms,  stored  on  three 
magnetic  tapes  (see  Section  6.1).  A  major  purpose  of  our  Phase  One  clutter  measurement  program  was 
to  measure  many  such  histograms.  Thus,  we  take  the  opportunity  here  to  show  52  examples  of  measured 
clutter  strength  histograms  from  repeat  sectors.  These  examples  illustrate  the  large  degree  of  variability 
that  exists  among  such  histograms.  This  variability  reflects  the  specific  nature  of  the  underlying  terrain. 
Our  purpose  is  to  reach  beyond  such  specificity  to  general  parametric  trends  occurring  in  these  histograms. 
However,  the  52  histograms  shown  here  may  be  regarded  as  fairly  basic  examples  of  what  actually  occurs 
at  the  level  of  raw  clutter  strength,  for  those  who  would  like  to  see  examples  from  our  measurements  in 
relatively  unreduced  form. 

Elsewhere  in  our  studies  we  have  shown  clutter  amplitude  statistics  as  cumulative  distributions 
rather  than  histograms.  Cumulative  distributions  have  the  benefit  that  a  number  of  them  can  be  shown 
on  one  set  of  axes,  that  percentile  levels  in  the  distribution  can  be  read  directly  off  the  ordinate,  and  that 
the  closeness-of-fit  to  standard  distributions  such  as  Weibull  or  lognormal  can  be  estimated  by  the  degree 
of  linearity  of  the  distribution  when  plotted  against  the  corresponding  nonlinear  ordinate.  Here,  however, 
we  are  not  attempting  to  illustrate  that  clutter  distributions  are  often  Weibull-like  or  occasionally  lognor¬ 
mal-like  (although  Weibull  and  lognormal  regression  coefficients  and  goodness-of-fit  quantities  are  provided 
in  the  table  of  numbers  above  each  histogram  plot  for  the  shadowed  histogram  including  noise  samples 
in  the  fourth  column  of  numbers  and  for  the  shadowless  histogram  excluding  noise  samples  in  the  fifth 
column  of  numbers).  Rather,  we  choose  to  concentrate  on  histograms  in  the  belief  that  a  histogram  is  a 
more  intuitively  meaningful  plot  and  that  showing  many  different  histograms  together  constitutes  a  useful 
catalog  illu.strating  how  these  histograms  vary  with  important  parameters  characterizing  the  radar,  the 
geometry,  and  the  terrain.  We  do  have  cumulative  distribution  plots  available  for  all  of  our  histograms 
both  on  Weibull  and  lognormal  scales  (they  are  part  of  our  standard  clutter  patch  plot  package),  but  we 
do  not  include  them  in  this  appendix.  We  do  show  several  examples  of  cumulative  distributions  in  the 
main  body  of  this  report  (see  Figures  57,  58,  and  75). 

In  the  histogram  plots  of  clutter  amplitude  .statistics  in  this  appendix,  the  abscissa,  marked  “reflectivity 
(dB)."  is  more  specifically  C7°F’*  in  units  of  m’/m',  converted  to  decibels.  The  total  number  of  samples 
in  the  histogram,  shown  Just  above  and  to  the  right  of  the  histogram  box.  is  the  number  of  range/azimuth 
resolution  cells  in  the  repeat  sector  times  the  number  of  pulse  groups  per  cell  from  our  partially  integrated 
data  ba.se  (in  most  of  our  repeat  .sector  experiments,  the  total  number  of  pulses  per  cell  is  1024.  and  the 
number  of  integrated  pulses  within  a  pulse  group  in  our  partially  integrated  data  is  <  32.  see  Appendix  A). 
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In  the  plotted  histograms,  noise  contamination  is  shown  as  black.  More  specifically,  in  each  1-dB 
bin,  noise  samples  are  first  accumulated  as  black,  above  which  the  valid  clutter  samples  are  binned  as 
white,  with  the  sum  of  the  two  comprising  the  total  number  of  samples  in  the  bin.  In  addition,  bins  with 
1 5  percent  or  more  noise  samples  are  doubly  underlined;  bins  containing  one  or  more  saturated  samples 
are  triply  underlined.  The  noise  level  in  each  range  gate  is  determined  on  the  basis  of  the  measured  data 
by  means  of  an  algorithm  based  on  128-point  FFT  processing  in  which  Doppler  cells  well  removed  from 
the  near-zero-Doppler  ground  clutter  regime  and  which  pass  criteria  for  proper  Rayleigh-like  noise  be¬ 
havior  are  combined  to  establish  a  system  noise  level  in  that  gate  (see  Appendix  A).  Usually,  the  black 
noise  samples  accumulate  in  the  histogram  as  a  well-behaved,  roughly  bell-shaped  distribution;  where 
they  do  not  so  accumulate,  but  instead  show  a  complicated  or  multimoded  distribution  (e.g.,  Cochrane. 
Figure  E-178),  is  often  indicative  of  data  collected  with  STC  attenuation. 

The  numbers  that  are  in  the  table  at  the  top  of  each  histogram  will  now  be  defined.  The  second  line 
in  the  table  is  terrain  classification  information  [see  Section  2.3;  also.  TC  =  tree  cover.*  DA  =  depression 
angle  (deg),  DAC  =  depression  angle  correction  (dB)).  Below  that,  in  the  first  three  columns  of  numbers 
on  the  left,  the  first  four  numbers  in  each  column  are  the  moments  of  the  distribution,  i.e.,  mean,  standard 
deviation,  and  coefficients  of  skewness  (COS)  and  kurtosis  (COK,  see  Appendix  C).  The  following  two 
numbers  in  each  column  are  derivative  quantities  depending  on  the  moments.  The  moments  are  shown 
computed  three  ways  in  the  first  three  columns,  as  shadowed  upper  bounds  in  the  first  column  (black 
noise  samples  get  the  measured  noise-level  values),  shadowed  lower  bounds  in  the  second  column  (black 
noise  samples  get  zero  power  values),  and  shadowless  in  the  third  column  (black  noise  samples  are  left 
out  of  the  computation).  The  next  two  columns  of  numbers  show  regression  and  goodness-of-fit  coef¬ 
ficients  to  Weibull  and  lognormal  distributions.  The  last  column  of  numbers  on  the  right  shows  the 
maximum  and  minimum  values  of  clutter  strength  in  the  histogram  [SIG(MAX)  and  SIG(MIN)].  as  well 
as  the  maximum  and  minimum  values  of  saturated  samples  [SAT(MAX)  and  SAT(MIN)]  and  noise 
samples  [NOI(MAX)  and  NOI(MIN)]  in  the  histogram  (default  =  999).  Below  that  are  percentile  levels 
in  the  histogram,  50  (or  median),  70,  90,  and  99.  first  in  the  shadowed  histogram  including  noise  samples 
and  second  in  the  shadowless  histogram  excluding  noise  samples.  Almost  all  of  the  clutter  strength 
attributes,  including  moments  and  percentiles,  in  the  table  above  each  histogram  plot  are  based  on 
computations  in  which  clutter  strengths  are  in  linear  units  of  m’/m*,  but  each  attribute  after  computation 
is  subsequently  converted  to  decibels  (see  Appendix  C).  Exceptions  to  this  are  the  bottom  four  numbers 
in  the  first  and  third  columns  of  numbers,  which  are  the  first  four  moments  of  the  shadowed  and 
shadowless  distributions,  respectively,  when  each  individual  sample  of  clutter  strength  is  kept  in  decibels 
units  throughout  the  computations  of  moments;  such  nonlinear  (i.e..  logarithmic)  adjunct  information  is 
occasionally  useful  when  treating  the  distributions  as  lognormal. 

The  most  important  attribute  of  each  histogram  shown  in  this  appendix  is  the  shadowed  upper  bound 
mean  strength  in  the  histogram,  shown  as  the  topmost  number  in  the  far  left  column  of  numbers  and 
indicated  in  the  plot  as  a  vertical  dashed  line.  Although  many  of  our  histograms  appear  to  show  a  large 
number  of  black  noise  samples,  their  effect  on  mean  strength  is  usually  beyond  the  second  decimal  place. 


*  TC  =  0.  8.  1.2.  3.  4.  5  corresponds  to  the  percent  of  tree  cover  =  0.  1  to  3.  4  to  10,  1 1  to  30,  31  to 
.‘>0,  >50.  unknown,  respectively. 
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The  true  mean  lies  between  our  upper  bound  approximation  to  the  mean,  i.e..  top  number  in  the  first  or 
far  left  column  of  numbers,  and  our  lower  bound  approximation  to  the  mean,  i.e..  top  number  in  the 
second  column  of  numbers.  These  bounds  are  usually  identical  to  two  decimal  places,  not  only  for  the 
mean  but  for  the  other  moments  as  well.  Most  of  our  clutter  computations  in  this  report  (see  Appendices 
C  and  D)  were  made  on  the  basis  of  128-pulse  integration,  not  the  <  32-pulse  integration  for  which  it  is 
convenient  to  show  plotted  histograms  from  our  repeat  sector  clutter  patch  tapes  in  this  appendix;  the 
additional  integration  usually  resulted  in  considerably  fewer  noise  samples.  We  largely  disregard  the 
shadowless  mean  strength  (top  number  in  the  third  column  of  numbers)  of  the  distribution  excluding 
noise  samples  in  this  report  because  it  is  dependent  on  radar  sensitivity.  A  radar  of  theoretically  infinite 
sensitivity  would  give  a  single  value  of  mean  strength  somewhere  between  our  shadowed  upper  and  lower 
bounds.  However,  the  shadowless  mean  may  be  used  to  compute  the  total  percent  of  noise  samples  in 
the  histogram  (otherwise  not  shown  in  the  histogram  plots  here)  as:  shadowless  mean  in  decibels  minus 
lower  bound  mean  in  decibels  is  equal  to  10  logio  {N/N^■),  where  N  is  the  total  number  of  samples  in  the 
histogram,  A,  is  the  number  of  samples  above  radar  noise  level,  so  the  percent  of  noise  samples  in  the 
histogram  is  100(A-A(  )/A  (see  Appendix  C). 

We  have  shown  that  the  mean  strength  in  the  shadowed  histogram  including  noise  samples,  plotted 
as  a  vertical  dashed  line,  is  not  dependent  or  degraded  by  the  black  noise  contamination  in  the  histogram. 
The  50-,  70-.  90-,  and  99-percentile  levels  in  the  shadowed  distribution  including  noise  samples  are  also 
shown  plotted  in  the  histogram  as  vertical  dotted  lines  proceeding,  respectively,  left  to  right.  To  the  extent 
that  these  dotted  percentile  levels  in  the  shadowed  distribution  occur  to  the  right  of  the  black  noise 
contamination,  they  also  are  unaffected  by  the  noise  because  they  only  indicate  the  relative  number  of 
samples  above  or  below  their  level.  If  noise  does  exist  at  or  to  the  right  of  a  percentile  level,  then  that 
percentile  level  constitutes  an  upper  bound  to  the  true  percentile  level  in  the  histogram  that  would  be 
measured  bv  a  radar  of  infinite  sensitivity.  Percentile  levels  in  the  shadowless  distribution  excluding  noise 
.samples  are  very  dependent  on  the  amount  of  noise  contamination  and  are  not  indicated  in  the  histogram. 

E.5  MEAN  CLUTTER  STRENGTH  VERSUS  FREQUENCY 

We  include  in  this  appendix  a  plot  of  mean  clutter  strength  versus  frequency  as  measured  by  Phase 
One  at  each  measurement  site.  The  mean  strengths  showm  in  these  plots  are  applicable  for  one  selected 
spatial  macroregion  or  patch  at  each  site,  our  so-called  repeal  sector  patch.  The  boundaries  of  the  repeal 
sector  patch  at  each  site  are  shown  in  the  clutter  map  included  in  the  information  presented  for  each  site 
in  this  appendix.  For  each  site,  the  plot  of  mean  strength  versus  frequency  typically  includes  20  different 
data  points,  one  for  each  combination  of  radar  parameters  across  our  20-element  radar  parameter  matrix 
(i.e..  five  frequencies,  two  polarizations,  two  resolutions).  Each  of  these  20  data  points  comes  from  its 
own  histogram  of  repeat  sector  measured  clutter  strengths,  one  or  more  examples  of  which  are  included 
for  each  site.  Thus,  each  data  point  plotted  in  our  plots  of  mean  clutter  strength  versus  frequency  comes 
from  a  well-calibrated,  repeatable  measurement  (i.e.,  each  measurement  is  centrally  selected  from  four  or 
more  repetitions),  unaffected  by  sensitivity  limitations  or  radar  noise  contamination  (i.e.,  tight  upper  and 
lower  bounds  to  mean  strength,  usually  identical  to  two  decimal  places). 
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As  these  plots  of  mean  clutter  strength  versus  frequency  in  this  appendix  are  perused,  it  is  usually 
observed  that  the  manner  in  which  mean  strength  varies  with  frequency  is  relatively  complex  and  quite 
specific  to  each  site.  Depending  on  which  site  we  are  at.  we  may  observe  mean  clutter  strength  to 
decrease  strongly  with  increasing  frequency  (e.g.,  Waterton,  Figure  E-35),  to  increase  strongly  with 
increasing  frequency  (e.g.,  Corinne,  Figure  E-152),  or  to  show  very  little  variation  at  all  with  changes  in 
frequency  (e.g.,  Wainwright,  Figure  E-78).  The  major  purpose  of  this  report  is  to  attempt  to  make  some 
general  sense  of  these  highly  site-specific  variations.  The  variation  of  mean  clutter  strength  versus  fre¬ 
quency  for  the  repeat  sector  at  each  Phase  One  measurement  site,  as  plotted  here,  is  discussed  and 
interpreted  in  Section  4  in  this  report.  Also  embedded  in  these  plots  of  mean  strength  versus  frequency 
are  variations  with  polarization  and  pulse  length.  As  with  frequency,  these  variations  with  polarization 
and  pulse  length  are  complex,  highly  site-specific,  and  difficult  to  generalize  or  easily  comprehend.  We 
also  at  least  bring  some  statistical  order  to  variations  with  polarization  and  pulse  length  in  the  main  body 
of  this  report.  It  is  clear  from  these  plots  of  multifrequency  mean  strength  that  clutter  measurements  at 
any  one  site  or  frequency  are  insufficient  to  fully  understand  ground  clutter,  and  one  value  of  having 
many  plots  is  to  indicate  how  variable  ground  clutter  is  and  why  its  proper  characterization  has  required 
a  major  multisite  measurement  exercise. 

The  mean  strengths  plotted  in  the  figures  of  mean  strength  versus  frequency  in  this  appendix  are 
identical  to  those  tabulated  in  Tables  D-2  through  D-6  in  Appendix  D.  Almost  all  of  these  results  are 
ba.sed  on  1 28-point  coherent  integration  in  our  pulse-by-pulse  data;  whereas,  the  example  histograms  in 
this  appendix  are  ba.sed  on  <  32-point  coherent  integration  in  our  partially  integrated  data.  Thus,  there 
may  be  occasional  minor  differences  between  the  histogram  value  of  mean  strength  and  the  corresponding 
value  plotted  in  the  multifrequency  mean  strength  figure,  although  these  differences  are  usually  «  1  dB. 
Occasionally,  there  are  missing  data  points  in  the  mean  strength  versus  frequency  figures  in  this  appendix. 
Comments  in  the  captions  of  the  figures  provide  some  information  on  missing  data  and  other  caveats. 
More  information  on  missing  data  is  provided  in  Tables  D-2  through  D-6  and  in  Table  A-25.  which 
indicate  how  individual  sites  fit  chronologically  into  sequences  of  sites  with  particular  hardware  prob¬ 
lems.  In  these  plots  of  mean  strength  versus  frequency,  sites  that  were  revisited  to  establish  seasonal 
variations  (see  Table  D-1)  show  mean  strengths  for  each  visit,  in  which  visit  number  is  indicated  by 
numerical  superscript. 
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Figure  E-3.  Mean  clutter  strength  versus  range  at  Strathcona.  Repeat  sector  data.  Vertical  polarization  except 
X-hand.  I5i36-m  pulse  length.  Data  shown  range  gate  hy  range  gate,  averaged  in  azimuth  over  20  deg. 
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Figure  E-4.  Clutter  strength  histogram  for  Strathcona  repeat  sector.  VHF.  36-m  pulse,  horizontal  polarization. 


Figure  E-5  Clutter  strength  histogram  for  Strathcona  repeat  sector.  L-hand.  I5-m  pulse,  horizontal  polarization. 
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Figure  E-6.  Mean  clutter  strength  versus  frequency  at  Strathcona.  For  the  Strathcona  repeat  sector,  depression 
angle  =  1 .5  deg.  landform  =  3-2.  land  cover  =  11-12-51.  range  -  1  to  10  km.  azimuth  =  62  to  82  deg.  Comment: 
Hardware  problems  precluded  useful  data  collection  at  both  X-  and  S-bands. 
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Figure  E-H.  PPI  clutter  map  and  repeat  sector  at  Lethbridge  West.  Repeat  sector  is  outlined  in  black.  Ma.xinuim 
range  =  20  km:  X-band.  15m  pulse,  horizontal  polarization:  cells  with  cfF^  >  -40  dB  are  red. 
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Figure  E~9.  Clutter  strength  histogram  for  Lethbridge  West  repeat  sector.  L-hand,  IS-m  pulse,  horizontal  polariza¬ 
tion.  RF  preamplifier  bypassed  to  avoid  excessive  saturation.  Three  tower  sectioriS. 
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Figure  E-10.  Clutter  strength  histogram  for  Lethbridge  West  repeat  sector.  S-hand.  15-m  pulse,  vertical  polariza 
tion.  RF  preamplifier  bypassed  to  avoid  excessive  saturation.  Three  tower  sections. 
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Figure  E-Il.  Mean  clutter  strength  versus  frequency  at  Lethbridge  West.  For  the  Lethbridge  West  repeat  sector, 
depression  angle  =  0.3  deg.  landform  =  3-8.  land  cover  =  11-12-21 .  range  =  6  to  J  1.9  km.  azimuth  =  92  to  102  deg. 
Comments:  {!)  VHF  data  limited  to  vertical  polarization  because  of  stuck  polarization  switch.  (2)  Interference  may 
have  slightly  affected  VHF  data  shown. 
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Fi[>ure  E  I5.  PPI  cluilcr  map  ami  repeal  sector  at  Altima  II.  Repeat  sector  is  outlined  in  black.  Ma.ximum 
rani’e  -  20  km:  X-hand.  15-m  pul.se.  horizontal  polarization,  cells  w  ith  cfF'*  >  45  dB  are  red. 
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Figure  E-16.  Clutter  strength  histogram  for  Altona  II  repeat  sector.  L-hand.  15-m  pulse,  horizontal  polarization. 
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Figure  E-I7.  Mean  clutter  strength  versus  frequency  at  Altona  II.  For  the  Altona  II  repeat  sector,  depression 
angle  =  0.2  deg.  landform  =  I.  land  cover  -  21  -11-14.  range  =  2.5  to  8.4  km.  azimuth  =  262  to  272  deg.  Comment: 
UHF  data  may  have  been  affected  by  interference  from  nearby  Perimeter  Acquisition  Radar. 
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f  i^ure  E-20.  Clutter  strength  histof^ram  for  Picture  Butte  //  repeat  sector,  S^hand,  I5-m  pulse,  vertical  polari: 
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Figure  E-2I.  Mean  clutter  strength  versus  frequency  at  Picture  Butte  //.  For  the  Picture  Butte  II  repeat  sector, 
depression  angle  =  O.I  deg,  landform  =  3-8,  land  cover  =  1 1 -12,  range  =  22  to  27.9  km,  azimuth  -  172  to  182  deg. 
Comment:  X-hand  transmitter  inoperable  at  this  site. 
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Figure  E-24.  PP!  clutter  map  and  repeat  sector  at  Hcadingley.  Repeat  sector  is  outlined  in  Mack  Maximum 
range  =  24.7  km:  L-hand.  150-m  pulse,  horizontal  polarization:  cells  with  <fF^  >  -40  dB  are  red 
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Figure  E-25.  Clutter  strength  histogram  for  Headingley  n 
No  attenuation.  RF  preamplifier  on. 
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Figure  E-26.  Mean  clutter  strength  versus  frequency  at  Headingley.  For  the  Headingley  repeat  sector,  depression 
angle  =  0.04  deg.  landform  =  7,  land  cover  =  11-12-41.  range  =  14  to  19.9  km.  azimuth  =  82  to  92  deg.  Comments: 
(1)  At  VHF.  only  repeat  sector  experiment  is  low  re  solution/ horizontal  polarization  because  of  severe  weather  and 
hardware  problems.  (2)  At  S-band.  only  vertical  polarization  data  collected  for  same  reasons. 
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Figure  E-29.  Clutter  strength  histogram  for  Plateau  Mountain  (h)  repeat  sector.  VHF,  36-m  pulse,  vertical  polarization. 
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Figure  E-30.  Mean  clutter  strength  versus  frequency  at  Plateau  Mountain  (b).  For  the  Plateau  Mountain  (h)  repeat 
sector,  depression  angle  =  1.2  deg,  landform  =  8.  land  cover  =  42-7.  range  =  H  to  16.7  km,  azimuth  =  255  to  265  deg. 
Comment:  X-hand  transmitter  failed:  no  data  collected. 
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Figure  E-J.F  Mean  clutter  strength  versus  range  at  Waterton.  Repeat  sector  data.  Vertical  polarization.  I5l36-m 
pulse  length.  Data  show  n  range  gate  hy  range  gate,  averaged  in  azimuth  over  10  deg. 
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Figure  E-35.  Mean  clutter  strength  versus  frequency  at  Waterton.  For  the  Waterton  repeat  sector,  depression 
angle  =  -1 .8  deg.  landform  =  8-7.  land  cover  =  42-7-41 .  range  =  9  to  14.9  km.  azimuth  =  175  to  185  deg. 
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Figure  E-J6.  Phase  One  at  Bine  Knoh. 
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Figure  E-39.  Mean  clutter  strength  versus  frequency  at  Blue  Knob.  For  the  Blue  Knob  repeat  sector,  depression 
angle  =  1.6  deg,  landform  =  4,  land  cover  =  21-43-11,  range  =  16  to  21.9  km.  azimuth  =  80  to  100  deg. 
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Figure  E-42  Mean  clutter  strength  versus  range  at  Scranton.  Repeat  sector  data.  Vertical  polarization.  JSiSb-m 
pul.se  length.  Data  shown  range  gate  by  range  gate,  averaged  in  azimuth  over  20  deg. 
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Figure  E-43.  Clutter  strength  histogram  for  Scranton  repeat  sector.  VHF,  I50-m  pulse,  horizontal  polarization. 
Slow  scan.  0.125  degls,  experiment  type  3.  see  Appendix  C. 
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Figure  E-44.  Mean  clutter  strength  versus  frequency  at  Scranton.  For  the  Scranton  repeat  sector,  depression 
angle  =1.0  deg.  landform  =  7-4-3.  land  cover  =  43-12-11.  range  =  8  to  13.9  km.  azimuth  =  300  to  320  deg. 
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fi^^ure  E-47.  Clutter  strength  histogram  for  Cold  Lake  repeat  sector.  UHF,  36-m  pulse,  vertical  polarization. 
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Figure  E-48.  Mean  clutter  strength  versus  frequency  at  Cold  Lake.  For  the  Cold  Lake  repeat  sector,  depression 
angle  =  0.2  deg,  landform  =  3-7,  land  cover  =  43-21 .  range  =  5  to  10.9  km.  azimuth  -  120  to  130  deg.  Comment: 
hardware  problems  precluded  useful  data  collection  at  S-hand. 
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Figure  E-51.  Mean  clutter  strength  versus  range  at  Woking.  Repeat  sector  data.  Vertical  polarization.  I5l36-m 
pulse  length.  Data  shown  range  gate  hy  range  gate,  averaged  in  azimuth  over  18  deg. 
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Figure  E-52.  Clutter  strength  histogram  for  Woking  repeat  sector.  UHF,  36-m  pulse,  vertical  polarization. 
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Figure  E-53.  Mean  clutter  strength  versus  frequency  at  Woking.  For  the  Woking  repeat  sector,  depression 
angle  =  0.2  deg,  landform  =  2-7,  land  cover  =  43,  range  =  4  to  9.9  km.  azimuth  =  118  to  136  deg. 
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Figure  £-56.  Clutter  strength  histogram  for  Penhold  II  repeat  sector.  UHF.  36-m  pulse,  vertical  polarization. 
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Figure  E-57.  Mean  clutter  strength  versus  frequency  at  Penhold  II.  For  the  Penhold  II  repeat  sector,  depression 
angle  =  O.I  deg.  landform  =  4  2.  land  cover  =  21-41-11 ,  range  =  15  to  24  km.  azimuth  =  54  to  74  deg.  Comment: 
hardware  problems  precluded  useful  data  collection  at  both  X-  and  S-bands. 
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Fii^ure  F.-62.  Clutter  strength  histogram  for  Peace  River  South  II  repeat  sector.  UHF.  J6-m  pulse,  vertical  polarization. 
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Figure  £-66.  Clutter  streni^th  histoftram  for  Puskwaskau  repeat  sector.  VHF,  !50-m  pulse,  horizontal  polarization 
Scan  mode.  2.0de2is. 
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Figure  £-67.  Mean  clutter  strength  versus  frequency  at  Puskwaskau.  For  the  Puskwaskau  repeat  sector,  depression 
angle  =  2.1  deg.  landform  =  2.  land  cover  =  43.  range  =  /  to  6.9  km.  azimuth  =  230  to  240  deg.  Comments:  (I )  VHF 
interference  precluded  high  resolution  data.  <2)  X-hand  transmitter  inoperable  at  this  site. 
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Figure  E-70.  Mean  clutter  strength  versus  range  at  Brazeau.  Repeat  sector  data.  Vertical  polarization.  I5l36-m 
pulse  length.  Data  shown  range  gate  hy  range  gate,  averaged  over  W  deg. 
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Figure  E-73.  Mean  clutter  strength  versus  frequency  at  Brazeau.  For  the  Brazeau  repeat  sector,  depression 
angle  =  1.2  deg.  landform  =  3.  land  cover  =  42-62-41.  range  =  4  to  9.9  km.  azimuth  =  170  to  180  deg.  Comments: 
(I)  There  were  two  Phase  One  visits  to  Brazeau.  with  the  second  visit  results  indicated  hy  2's.  (2)  For  the  second 
visit,  hardware  problems  precluded  data  collection  at  X-hand. 
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Fi)(we  f-77.  Repeal  sei  tm  at  \\  jinw  i  i;^hi  DNl)  buUdorcr  haiilii.i;  Phase  Om  iraetor-irailei  s  onto  site.  Repeal 
sector  visible  lo  SE. 
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Fiifure  E-75  PPI  chiller  map  and  repeal  neiloi  al  Wainwrighl  Repeal  seiioi  i.s  oiillincd  In  Mack  Maximum 
ran^e  =  20  km:  X-hand.  15  m  pulse,  horizanial  polarizaiion:  cells  wiih  cfF*  >  -40  dB  arc  red 
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Figure  £-76.  Mean  clutter  strength  versus  range  at  Wainwright.  Repeat  sector  data.  Vertical  polarization,  I5/36-m 
pulse  length.  Data  shown  range  gate  by  range  gate,  averaged  in  azimuth  over  30  deg. 
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Figure  E-78.  Mean  clutter  strength  versus  frequency  at  Wainwright.  For  the  Wainwright  repeat  sector,  depression 
angle  =  0.6  deg.  landform  =  5-3.  land  cover  =  41-32-31.  range  =  I  to  6.9  km.  azimuth  =  120  to  150  deg. 
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Fifiure  E-8I .  Clutter  strength  histogram  for  Turtle  Mountain  repeat  sector.  X-band,  I50-m  pulse,  horizontal  polar¬ 
ization.  One  percent  saturations. 
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Figure  E-82.  Mean  clutter  strength  versus  frequency  at  Turtle  Mountain.  For  the  Turtle  Mountain  repeat  sector, 
depression  angle  =  0.5  deg.  landform  =  5.  land  cover  =  41-52.  range  =  2  to  7.9  km.  azimuth  102  to  122  deg. 
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Fifiure  E-84.  Clutter  strength  histogram  j 
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Figure  E-85.  Mean  clutter  strength  versus  frequency  at  Katahdin  Hill.  For  the  Katahdin  Hill  repeat  sector,  depres 
sion  angle  =  0.4  deg.  landform  =  5-4,  land  cover  =  43-21-52,  range  =  I  to  6.9  km.  azimuth  =  220  to  250  deg. 
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Figure  E-89.  Mean  clutter  strength  versus  frequency  at  Westlock.  For  the  Westlock  repeat  sector,  depression 
angle  =  0.4  deg.  landform  =  3.  land  cover  =  43-21-62,  range  =  8  to  13.9  km.  azimuth  =  42  to  52  deg.  Comment: 
hardware  problems  precluded  useful  data  collection  at  S-hand. 
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Figure  £-96.  Clutter  strength  histogram  for  Dundurn  repeat  sector.  X-hand,  I50-m  pulse,  horizontal  polarization. 
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Fif^ure  £-97  Mean  clutter  strength  versus  frequency  at  Dundurn.  For  the  Dundurn  repeat  sector,  depression 
angle  =  0.2  deg.  landform  =  5,  land  cover  =  32-41-31 .  range  =  I  to  6.9  km.  azimuth  =  295  to  325  deg. 
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Fiiiiire  E-99.  Clutter  strength  histogram  for  Plateau  Mountain  (a)  repeat  sector.  L-hand,  150-m  pulse,  horizontal 
polarization. 
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Figure  E-IOO.  Mean  clutter  strength  versus  frequency  at  Plateau  Mountain  (a).  For  the  Plateau  Mountain  (a)  repeat 
sector,  depression  angle  =  2.3  deg.  landform  =  4.  land  cover  =  31-32-21 .  range  ~  20  to  40  km.  azimuth  =  40  to 
50  deg.  Comments:  (1)  X-band  transmitter  failed:  no  data  collected.  (2)  High  resolution  data  were  not  collected  at 
L-  and  S-hands. 
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Fif^ure  E-103.  Clutter  strength  histogram  for  Polonia  repeat  sector.  L-hand.  150-m  pulse,  horizontal  polarization. 
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Figure  E-104.  Mean  clutter  strength  versus  frequency'  at  Polonia.  For  the  Polonia  repeat  sector,  depression 
angle  =  2.0  deg.  landform  =  7-2.  land  cover  =  21-4] ,  range  =  I  to  10  km.  azimuth  =  107  to  127  deg.  Comment: 
S-hand  was  not  yet  installed  at  Polonia. 
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Figure  E-I07.  Mean  clutter  strength  versus  range  at  Neepawa.  Repeat  sector  data.  Vertical  polarization.  I5l36-m 
pulse  length  except  X-hand  (horizontal  polarization.  150-m  pulse  length).  Data  shown  range  gate  by  range  gate, 
averaged  in  azimuth  over  20  deg. 
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Figure  E-IOF.  Clutter  strength  histogram  for  Neepawa  repeat  sector.  L  hand.  15n-m  pulse,  horizontal  polarization 
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Figure  E-109.  Mean  clutter  strength  versus  frequency  at  Neepawa.  For  the  Neepawa  repeat  sector,  depression 
angle  =  -0.9  deg.  landform  =  7-2.  land  cover  =  21-41 .  range  =  /  to  10  km.  azimuth  =  287  to  307  deg.  Comments: 
( / 1  X-hand  data  collected  only  at  low  resolution! horizontal  polarization.  (2)  S-hand  was  not  yet  installed  at  Neepawa. 
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Figure  E-IIO.  Repeat  sector  at  Beulah.  Toner-top  vien  looking  across  strip  mine  spoil  piles  to  agricultural  repeat 
sector  beyond. 
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Fijiure  E-1 12.  Clutter  strength  histogram  for  Beulah  repeat  sector.  VHF,  36-m  pulse,  vertical  polarization. 
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Figure  E-II3.  Mean  clutter  strength  versus  frequency  at  Beulah.  For  the  Beulah  repeat  sector,  depression 
angle  =1.2  deg.  landform  =  2.  land  cover  =  21.  ange  =  1  to  6.9  km.  azimuth  =  50  to  70  deg. 


Figure  E-II4.  PPI  clutter  map  arid  repeat  sector  at  Magrath  Repeal  sector  is  outlined  in  black.  Maximum 
range  =  20  km:  K-hand.  15-m  pulse,  horizontal  polarization:  cells  with  >  -40  dB  are  red 
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Figure  E-l  15.  Mean  clutter  strength  versus  range  at  Magrath.  Repeat  sector  data.  Vertical  polarization,  15/36-m 
pulse  length.  Data  sho^n  range  gate  h\  range  gate,  averaged  in  azimuth  over  10  deg. 
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Figure  E-l  17.  Clutter  strength  histogram  for  Magrath  repeat  sector.  L-hand.  I50-m  pulse,  horizontal  polarization 
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Figure  E-118.  Mean  clutter  strength  versus  frequency  at  Magrath.  For  the  Magrath  repeat  sector,  depression 
angle  =  0.7  deg.  landform  =  3-2.  land  cover  =  21-33.  range  =  5  to  10.9  km.  azimuth  =  125  to  J35  deg. 
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Fif’iire  E  121  PPI  i  hitter  map  and  repeat  sector  at  Beiseket  Repeat  sectoi  is  oiithned  in  hUu  k.  Maximum 
rani’e  =  20  km.  X  hand.  15-m  pulse,  horizontal  polarization:  cells  with  <fF*  >  40  dB  are  red  Fourth  visit 
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Fiifure  E-123.  Clutter  strenjith  histoi^ram  for  Beiseker  repeat  sector.  UHF.  pulse,  horizontal  polarization 
Fourth  visit. 
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Figure  E-I25.  Clutter  strength  histogram  for  Beiseker  repeat  sector.  S-hand,  J50-m  pulse,  horizontal  polarization. 
Fourth  visit. 
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Figure  E-I26.  Mean  cluner  strength  versus  frequency  at  Beiseker.  For  Beiseker  repeat  sector,  depression  angle  =  0.4  deg. 
landform  =  3-2.  land  cover  =  21-31.  range  =  8  to  17  km.  azimuth  =  150  to  170  deg.  Comments:  (l)There  were  four 
Phase  One  visits  to  Beiseker;  order  of  return  visits  indicated  by  superscript,  e.g..  3's  indicate  third  visit  results.  (2) 
During  first  and  second  visits,  hardware  problems  at  S-barui.  no  useful  data  acquired.  (3)  During  third  visit,  hardware 
problems  at  X-band.  no  useful  data  acquired.  (4)  At  VHF.  second  visit,  interference  may  have  slightly  affected  high 
resolution  data.  (5)  At  VHF.  fourth  visit,  high  resolution/vertical  polarization  data  inadvertently  taken  at  incorrect 
azimuth:  therefore,  result  omitted.  (6)  At  S-band.  third  and  fourth  visits,  high  resolution  range  intenal  (8.0  to  13.9  km} 
is  shorter  than  for  other  18  frequency  bandiwaveform  combinations  (8.0  to  17.0  km}. 
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Figure  E-I2S.  PPI  clutter  map  and  repeat  sector  at  Orion.  Repeat  sector  is  outlined  in  hlacl  Maximum  range  =  20  km; 
L-hand.  15  m  pulse,  horizontal  polarization;  celts  nith  o'F^  >  -40  dB  are  red. 
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Figure  E-129.  Clutter  strength  histogram  for  Orion  repeat  sec  tor.  L-hand.  l5-m  pulse,  horizontal  polarization. 
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Figure  E-130.  Mean  clutter  strength  versus  frequency  at  Orion.  For  the  Orion  repeat  sector,  depression  angle  =  1.2  deg. 
landform  =  3-1.  land  cover  =  21-31.  range  =  1  to  10  km.  azimuth  =  186  to  196  deg.  Comments:  (I)  VHF  interference 
may  have  slightly  affected  high  resolution  VHF  data.  (2)  Hardware  problems  precluded  useful  data  collection  at 
S-hand. 
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Figure  E-I32.  PPl  clutter  map  and  repeat  sector  at  Wolseley  Repeat  sector  is  outlined  in  black  Maximum 
range  =  20  km:  X-hand,  15-m  pulse,  horizontal  polarization:  cells  with  cf'F^  >  -45  dB  are  red. 
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Figure  E-134.  Mean  clutter  strength  versus  frequency  at  Wolseiey.  For  the  Wolseley  repeat  sector,  depression 
angle  =  0  .5  deg.  landform  =  3-1 .  land  cover  =  21,  range  =  6  to  10  km.  azimuth  =  301  to  311  deg. 
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Figure  E-IJ7.  PP!  i  liittei  map  and  repeal  .sector  at  Ho.selovrn  Hill  Repeal  sector  is  outlined  in  black.  Maximum 
ranite  -  21)  km:  L-hand.  15-m  pulse,  horizontal  polarization:  cells  with  (fF^>-40dB  are  red. 
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Figure  E-UH.  Mean  clutter  strength  versus  range  at  Rosetown  Hill.  Repeat  sector  data.  Vertical  polarization. 
I5l36-m  pulse  length.  Data  shown  range  gate  by  range  gate,  averaged  in  azimuth  over  20  deg. 
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Figure  E-140.  Mean  clutter  strength  versus  frequency  at  Rosetown  Hill.  For  the  Rosetown  Hill  repeat  sector, 
depression  angle  =  0.4  deg,  landform  =  I ,  land  cover  =  21,  range  =  4  to  9  km,  azimuth  =  45  to  65  deg.  Comment: 
VHF  interference  may  have  slightly  affected  high  resolution  VHF  data. 
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Fliiiirr  E  I4I .  PPI  i  liiiter  map  and  repeal  seelor  at  Pakowki  Lake  Repeat  \eetor  is  outlined  in  hlaek  Maxinnim 
rani’e  -  20  km:  X-hand.  15-m  pid.se  horizontal  polarization:  eell.s  with  (fF^  >  -40  dB  are  red. 
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Figure  E-142.  Clutter  strength  histogram  for  Pakowki  Lxtke  repeat  sector.  L-hand.  15-m  pulse,  horizontal  polarization. 
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Figure  E-143.  Clutter  strength  histogram  for  Pakowki  Lake  repeat  sector.  X-hand.  15-m  pulse,  vertical  polarization 
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Figure  E-I44.  Mean  clutter  strength  versus  frequency  at  Pakowki  Lake.  For  the  Pakowki  Lake  repeat  sector, 
depression  angle  =  0.3  deg,  landform  =  1-3.  land  cover  =  21-31 ,  range  -!  to  10  km,  azimuth  =  0  to  16  deg.  Com¬ 
ments:  (1)  VHF  interference  may  have  slightly  affected  high  resolution  VHF  data.  (2)  Hardware  problems  precluded 
useful  data  collection  at  S-hand. 
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Figure  E-147.  Clutter  strength  histogram  for  Shilo  repeat  sector.  L-hand.  I50-m  pulse,  horizontal  polarization. 
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Figure  E-148.  Mean  clutter  strength  versus  frequency  at  Shilo.  For  the  Shilo  repeat  sector,  depression  angle  =  0.2  deg. 
landform  =  1-3.  land  cover  =  21-31 .  range  =  1  to  10  km.  azimuth  =  228  to  258  deg.  Comments:  (I )  At  UHF.  low 
resolutionivertical  polarization  and  high  resolution! horizontal  polarization  results  shown  are  from  survey  data  in 
repeat  sector.  (2)  All  VHF  results  shown  are  from  sur\  ey  data  in  repeat  sector.  (3)  S-hand  was  not  yet  installed 
at  Shilo. 
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Figure  E-I50.  Clutter  strength  histogram  for  Corinne  repeat  sector.  L-hand.  I5-m  pulse,  horizontal  polarization 
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Figure  E-I5I.  Clutter  strength  histogram  for  Corinne  repeat  sector.  S-hand.  150-m  pulse,  vertical  polarization. 
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Figure  E-I52.  Mean  clutter  strength  versus  frequency  at  Corinne.  For  the  Corinne  repeat  sector,  depression 
angle  =  0.15  deg.  laru^orm  =  I.  land  cover  =  21.  range  =  I  to  8.9  km.  azimuth  =  330  to  30  deg.  Comments:  (I)  Results 
.shown  are  for  data  collected  at  highest  antenna  position  (three  tower  sections}  at  Corinne.  (2)  At  S-band.  the  high 
resolution  range  interval  (4.0  to  8.9  km)  is  shorter  than  that  for  the  other  18  frequency  hand/waveform  combinations 
(l.O  to  8.9  km).  (3)  X-band  high  resolution/vertical  polarization  result  is  deleted  because  data  are  questionable. 
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Figure  E-/56.  Mean  clutter  strength  versus  frequency  at  Booker  Mountain.  For  the  Booker  Mountain  repeat  sector, 
depression  angle  =1.8  deg.  landform  =  3.  land  Ci,ver  =  7-33.  range  =  12  to  17.9  km.  azimuth  =  125  to  '  ,'5  deg. 
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Figure  E-159.  Mean  duller  strength  versus  range  at  Vananda  East.  Repeat  sector  data.  Vertical  polarization. 
n/36-m  pulse  length.  Data  shown  range  gate  by  range  gate,  averaged  in  azimuth  over  20  deg. 
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Fit;ure  E-I6().  Clutter  strength  histogram  for  Vananda  East  repeat  sector.  UHF.  150-m  pulse,  vertical  polarization. 
Slow  scan.  0.125  deg/s.  experiment  type  3.  see  Appendix  C. 
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Figure  E-16I.  Mean  clutter  strength  versus  frequency  at  Vananda  East.  For  the  Vananda  East  repeat  sector, 
depression  angle  =  1 .0  deg.  landform  =  3-5.  land  cover  =  31-32.  range  =  3.6  to  9.5  km.  azimuth  =  40  to  60  deg. 
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’  E  I  f)2  Phase  One  at  Knolls  Lookinf;  south  to  equipment  on  siu 
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Figure  F-163  PPI  clutter  map  and  repeat  sector  at  Knolls.  Repeat  sector  is  outlined  in  black  Maximum  range  =  7  km. 
X-hand.  J5-m  pulse,  horizontal  polarization;  cells  with  cfF*  >  -45  dB  are  red. 
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Figure  E-I65.  Mean  clutter  strength  versus  frequency  at  Knolls.  For  the  Knolls  repeat  sector,  depression 
angle  =  0.3  deg,  landform  =  /,  land  cover  =  7-33,  range  =  3  to  6.5  km.  azimuth  =  290  to  307  deg. 
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Fif^ure  E  I67.  PP[  clutter  map  and  repeat  sector  at  Big  Grass  Marsh  Repeat  sector  is  outlined  in  black  Maximum 
range  -  7  km:  X-hand.  15-m  pulse,  horizontal  polarization;  cells  with  (fF*  >  50  dB  are  red. 
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Figure  E-I6S.  Mean  clutter  strength  versus  range  at  Big  Grass  Marsh.  Repeat  sector  data.  Vertical  polarization. 
I5l36-m  pulse  length.  Data  shown  range  gate  by  range  gate,  averaged  in  azimuth  over  20  deg. 
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Figure  E~I70.  Clutter  strength  histo^^ram  for  Bijt  Grass  Marsh  repeat  sector,  S-bcnJ,  I50-m  pulse,  horizontal 
polarization. 
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Figure  E-I7I.  Mean  clutter  strength  versus  frequency  at  Big  Grass  Marsh.  For  the  Big  Grass  Marsh  repeat  sector, 
depression  angle  =  0.2  deg,  landform~I,  land  cover -62-22.  range  =  I  to  6.9  km.  azimuth  =  350  to  10  deg. 
Comment:  At  S-hand.  intermittent  high  levels  were  measured:  however,  corrections  were  made  in  calibration 

and  data  appedr  reasonable. 
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Figure  E-I73.  Mean  clutter  strength  versus  range  at  Wachusett  Mountain.  Repeat  sector  data.  Vertical  polarization. 
I5f36-m  pulse  length.  Data  shown  range  gate  hy  range  gate,  averaged  in  azimuth  over  20  deg. 
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Figure  E-I75.  Mean  clutter  strength  versus  frequency  at  Wachusett  Mountain.  For  the  Wachusett  Mountain  repeat 
sector,  depression  angle  =  2.1  deg.  landform  =  5-4.  land  cover  =  43-21 -U .  range  =  8  to  13.9  km.  azimuth  =  156  to 
176  deg.  Comment:  VHF  interference  may  have  slightly  affected  high  resolution  VHF  data. 
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Figure  F-176.  Cochrane  repeal  sector.  Looking  H.SW  .  fiorti  a  point  9  km  out  in  repeat  sector.  Primarily  rangeland, 
hut  note  patches  of  trees  on  far  slopes 
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Fif’ure  E-178.  Clutter  strength  histogram  for  Cochrane  repeat  sector.  L-hand.  I5-m  pulse,  vertical  polarization. 
Second  visit.  STC  = 
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Figure  E-179.  Mean  clutter  strength  versus  frequency  at  Cochrane.  For  the  Cochrane  repeat  sector,  depression 
angle  =  1.7  deg,  landform  =  7-2.  land  cover  =  31/32-21/22-41/43-1 1.  range  =  1  to  10  km,  azimuth  =  220  to  240  deg. 
Comments:  (1)  There  were  Mo  Phase  One  visits  to  Cochrane,  with  the  second  visit  results  indicated  by  2's.  {2)  For 
first  visit,  at  both  VHF  and  UHF.  low  resolutionJvertical  polarization  and  high  resolution/ horizontal  polarization 
results  shown  are  from  survey  data  in  repeat  sector:  ditto  for  L-band  high  resolution/ horizontal  polarization. 
13)  ho)  both  visits,  hardware  problems  precluded  useful  data  collection  at  S-band.  (4)  For  first  visit,  hardware 
problems  precluded  useful  data  collection  at  X  band.  (5)  For  second  visit,  hardware  problem  induced  high  VSWR 
during  L-band  high  resolution/horizontal  polarization  e.xperiment.  resulting  in  erroneous  data. 
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Figure  E  IHl.  PPI  clutter  map  and  repeat  sector  at  Siiffield.  Repeat  .sector  is  outUued  in  black  Maximum 
ran^e  ~  20  km.  X-hand.  15-m  pulse,  horizontal  polarization:  cells  with  (fF^  >  -40  dB  are  red. 
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Figure  E-182.  Clutter  strength  histogram  for  Suffield  repeat  sector.  L-hand.  150-m  pul.se.  horizontal  polarization 
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Figure  E-I83.  Mean  clutter  strength  versus  frequency  at  Suffield.  For  the  Suffield  repeal  sector,  depression 
angle  =  0.3  deg.  landform  =  3-5-9,  land  cover  =  31-62-52-12.  range  =  7  to  12.9  km.  azimuth  =  125  to  135  deg. 
Comments:  (1)  VHF  interference  precluded  most  high  resolution  data:  data  shown  may  have  been  affected  by 
interference.  (2)  S-band  was  repaired  and  functioned  properly  for  several  days  before  recurrence  of  failure:  data 
shown  are  from  that  portion  of  visit 
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F'iiilirc  E-IH5  PPI  rliittri  map  and  repeat  .set  toi  at  Spruce  Home  Repeat  .sector  i.s  outlined  in  Hack  Ma.xtmum 
ran^e  =  20  km.  X-hand.  ISm  piil.se.  horizontal  polarization:  cell.s  ysith  (fp^  >  -40  ilB  are  red. 


E-287 


-90.  -eo.  -70.  -80.  -90.  -HO.  -30.  -20.  -JO.  0. 

RtFLeCTIVlTY  <OB> 


.^0  39  1  .  R99  . 


Figure  E-186.  Clutter  strength  histogram  for  Spruce  Home  repeat  sector.  L-hand.  I50-m  pulse,  horizontal  polarization. 
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Figure  E-187.  Clutter  strength  histogram  for  Spruce  Home  repeat  sector.  X-hand.  15-m  pulse,  vertical  polarization. 
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Figure  E-188.  Mean  clutter  strength  versus  frequency  at  Spruce  Home.  For  the  Spruce  Home  repeat  sector, 
depression  angle  =  0.3  deg.  landform  =  I .  land  cover  -  21-41 .  range  =  3  to  8.9  km,  azimuth  =  40  to  50  deg. 
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